Two new prenylated flavanones, isomaackiaflavanone A (1), isomaackiaflavanone B (2) and a new prenylated stilbene maackiastilbene (3), along with five known flavanones were isolated from the root bark of Maackia amurensis using repeated column chromatography on silica gel, Sephadex LH-20 and octadecyl silica (ODS-A) sorbents. [4] [5] [6] . Its application in clinical practice showed that this drug is effective for treating liver fatty dystrophy. It prevents the increase in total serum lipid content and the development of hyperlipoproteinemia in experimental animals [4, 7] . Maxar ® also possesses antithrombogenic, antiplatelet and antitumor properties [8, 9] . The M. amurensis stem bark has been used in folk medicine for the treatment of cancer, cholecystitis and arthritis. The phytochemical study showed that the stem bark of this tree contains cytotoxic prenylated flavanones, isoflavones and pterocarpans that can effectively inhibit the growth of four human cancer cell lines [10] . To use this relict tree effectively in the pharmaceutical industry, it is important to evaluate the possibility of utilizing other plant organs such as roots as alternative sources of raw material for creating new pharmaceuticals. Recently, we have shown that some of the individual isoflavone and pterocarpan glycosides, isolated from M. amurensis root bark, possess significant antioxidant [11], hepatoprotective [12-14] and anticoagulant [15] properties in vitro and in vivo and are promising for the development of new pharmaceuticals based on them. In addition, these compounds exhibit a significant antiplatelet effect and increase prothrombin and thrombin clotting times when administered to rats enterally [15] . It is important to note that prenylated polyphenolic compounds from M. amurensis roots have not been studied so far.
The relict tree Amur maackia (Maackia amurensis Rupr et Maxim.) is widespread in the southern part of the Russian Far East and contains large amounts of polyphenolic metabolites possessing significant antioxidant and hepatoprotective properties [1] [2] [3] . The polyphenolic complex from M. amurensis heartwood, called Maksar ® preparation, is registered in the Russian Federation as a hepatoprotective medicine (P N003294/01). Maxar ® increases the body's antioxidant system activity and reduces the lipid peroxidation level [4] [5] [6] . Its application in clinical practice showed that this drug is effective for treating liver fatty dystrophy. It prevents the increase in total serum lipid content and the development of hyperlipoproteinemia in experimental animals [4, 7] . Maxar ® also possesses antithrombogenic, antiplatelet and antitumor properties [8, 9] . The M. amurensis stem bark has been used in folk medicine for the treatment of cancer, cholecystitis and arthritis. The phytochemical study showed that the stem bark of this tree contains cytotoxic prenylated flavanones, isoflavones and pterocarpans that can effectively inhibit the growth of four human cancer cell lines [10] . To use this relict tree effectively in the pharmaceutical industry, it is important to evaluate the possibility of utilizing other plant organs such as roots as alternative sources of raw material for creating new pharmaceuticals. Recently, we have shown that some of the individual isoflavone and pterocarpan glycosides, isolated from M. amurensis root bark, possess significant antioxidant [11] , hepatoprotective [12] [13] [14] and anticoagulant [15] properties in vitro and in vivo and are promising for the development of new pharmaceuticals based on them. In addition, these compounds exhibit a significant antiplatelet effect and increase prothrombin and thrombin clotting times when administered to rats enterally [15] . It is important to note that prenylated polyphenolic compounds from M. amurensis roots have not been studied so far.
Here, we report the isolation and structure elucidation of two new prenylated flavanones 1 and 2, a new prenylated stilbene 3, along with five known flavanones 4-8 from M. amurensis root bark using repeated column chromatography on a silica gel, Sephadex LH-20, octadecyl silica (ODS-A) sorbents ( Figure 1 ) as well as data on their cytotoxic activity against two human cancer cell lines, SK-MEL-5 and HeLa.
The new isoprenylated flavanone (1), isolated as a natural product for the first time, was obtained as a white powder. (Tables 1, 2 ). The сhemical shifts of protons and carbon atoms of isoprenyl substituents for structures of compound 1 and maackiaflavanone (4) [16] are very similar, and their positions at C-8 and C-5' in 1 and 4 respectively were confirmed. The positions of the OCH 3 and OH groups in structure of 1 were determined on the bases of HMBC and NOESY spectral data. In HMBC spectrum of 1 the cross peak between δ H 3.78 and δ C 155.82 (C-2') and the cross peaks between δ H 5.96 and δ C 96.67 (C-6), 163.37 (C-7) and 105.92 (C-8) were observed. There was a correlation between the proton at the C-3' and the protons of OCH 3 group in NOESY spectrum of 1. It indicates that the hydroxyl and methoxyl groups in 1 are attached to C-7 and C-2' respectively, and the structures of maackiaflavanone (4) and compound 1 differ in the positions of OCH 3 and OH groups at C-7 and C-2'. Thus, all the signals in 1 H and 13 C NMR spectra of 1 were completely assigned using HSQC, COSY, NOESY and HMBC experimental data ( Table  2 ).
The CD spectrum of 1 showed a positive Cotton effect at 337 nm and a negative one at 295 nm consistent with the S-configuration at C-2 [17] . On the basis of the data obtained, the structure of 1 was determined as (2S)-4',5,7-trihydroxy-2'-methoxy-5',8-di(3-methylbut-2-enyl) flavanone, and this compound was named isomaackiaflavanone A. C NMR spectra of compounds 2 and 4 the proton and carbon signals had similar chemical shift values (Table 2 ). However, there were differences in the HMBC spectra of compounds 2 and 4. There were correlations between isoprenyl fragment protons at δ H 3.26 and carbons at δ C 110.66, 165.34 and 160.44 in the HMBC spectrum of 2. This proves that the isoprenyl substituent in the flavanone 2 is attached to C-6, in contrast to maakiaflavanone (4), where it is attached to C-8. The S-configuration of C-2 in compound 2 was determined based on its CD spectrum (a positive Cotton effect at 338 nm and a negative one at 294 nm) [17] . Thus, the structure of compound 2 was determined as (2S)-2',4',5-trihydroxy-7-methoxy-5',6-di(3-methylbut-2-enyl)flavanone, and this compound was named isomaackiaflavanone B. (Tables 1, 3 ). The 13 C NMR spectrum of 3 showed 25 signals, 12 of which were assigned to the aromatic carbons, one to a methoxy group carbon, and 10 to the carbons of two isoprenyl moieties. The presence of two olefinic proton doublets at δ H 7.04 (J=16.4 Hz) and 7.09 (J=16.4 Hz) in 1 H NMR spectrum of 3 suggested the presence of a trans disubstituted double bond between two aromatic rings and suggested that 3 was a substituted stilbene, which was corroborated by UV spectrum (λ max 314 nm, MeOH). The placement of the 
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Based on HMBC correlations between OH-3 at δ H 5.10 and C-2, C-3, C-4 the hydroxy group was shown to be attached to C-3. The position of OCH 3 group at C-5 was determined from HMBC and NOESY spectra of 3 (Table 3 ). There were two ortho aromatic protons at δ H 6.78 and 7.07 (J=8.8 Hz), two phenolic groups, (OH-4', OH-5') and an isoprenyl substituent in the B-ring. Their positions towards the styrene double bond were supported by HMBC and NOESY correlations (Table 3) . Thus, the structure of 3 was determined as (E)-3,3',4'-trihydroxy-5-methoxy-2,2'-di(3-methylbut-2-enyl)stilbene, and this compound was named maackiastilbene.
We have shown that the known prenylated flavanones, maackiaflavanone (4), maackiaflavanone A (5), maackiaflavanone B (6), abyssinone V (7) and 5-hydroxysophoranone (8) identified by comparison of their physical and spectroscopic data reported previously are present not only in M. amurensis stem bark [10] but also in the root bark of this plant. Unlike the stems, the M. amurensis roots contained three new prenylated polyphenols (1-3) .
The data on the cytotoxic activity of flavanones 1, 2, 4-8 are shown in Table 4 . Cisplatin has been used in this assay as a reference substance. 
Experimental

General Apparatus and Chemicals:
The UV spectra were obtained using a Cecil CE 7250 spectrophotometer. The CD spectra were obtained on a Chirascan plus spectropolarimeter (CH 3 OH, 20°C). The 1 H and 13 C NMR spectra were recorded in CDCl 3 at 30ºC using NMR Bruker AVANCE III DRX-700 and DRX-500 instruments. The chemical shift values are reported in parts per million (δ) and the coupling constants (J) are given in Hz.
HPLC-PDA-MS and HPLC-HR-ESI-MS analysis:
The solvents and chemicals used were of analytical or high-performance liquid chromatography (HPLC) grade. HPLC-MS was performed using a Shimadzu chromatograph with a diode-array detector SPD-M20A (Shimadzu USA Manufacturing Inc., Canby, USA) and massspectrometric detector LCMS-2020 (Shimadzu Corp., Kyoto, Japan). Mass spectra were recorded using the electrospray ionization (ESI) technique in positive and negative ion mode (1.50 kV) in the m/z range of 100-800. The HR-ESI-MS spectra were performed on a Shimadzu LCMS-IT-TOF instrument (Kyoto, Japan) using the electrospray ionization (ESI) technique with simultaneous negative and positive ion detection and a resolution of 12.000. Ion source temperature was 200 ºC, the range of detection was 100-600 m/z, the ion source potential changed from -3.8 to 4.5 kV. The drying gas (N 2 ) pressure was 200 kPa. The nebulizer gas (N 2 ) flow was 1.5 L/min. The separation was carried out on a Discovery HS C18 column (150 × 2.1 mm, 3 µm particle size, Supelco, Bellefonte, USA) with a Supelguard Ascentis C18 precolumn (2 × 2.1 mm, 3 µm particle size, Supelco, Bellefonte, USA) using a binary gradient of Table 3 .
Cytotoxicity assay (MTS-test):
The human cancer cell lines SK-MEL-5 (malignant melanoma) and HeLa (cervix adenocarcinoma) were obtained from the American Type Culture Collection (ATCC, Rockville, MD, USA). The cell lines SK-MEL-5 and HeLa were cultured in MEM medium containing 10% FBS, 2 mM L-glutamine and 1% penicillin/streptomycin. All cell lines were cultured at 37°C in a humidified atmosphere of 5% CO 2 . Information regarding the genetic background of these cell lines is available online on the ATCC website. The effect of the compounds on cell viability was evaluated using the MTS method, which is based on the reduction of MTS into its formazan product by living cells. The experiment was performed as previously described [18] with slight modifications. Briefly, cells were cultured for 12 h in 96-well plates (6 × 10 3 cells per well), 100 μL/well. The medium was then replaced with fresh medium containing substances at various concentrations in a total volume of 100 μL/well and the cells were incubated for 48 h. Subsequently, 20 μL of Cell Titer 96 Aqueous One Solution Reagent was added to each well, and 2 h later MTS reduction was measured spectrophotometrically at 492 and 690 nm as background using µQuant equipment (Bio-Tek Instruments, Winooski, VT, USA). Results are represented as IC 50 values (inhibition concentration 50%) of the substances. Cisplatin (cisdiamminedichloroplatinum (II), 1 mg/mL in dH 2 O, NeoCorp, Weilheim, Germany) was used as a reference substance.
Supplementary data: HR-ESI-MS, 1 H, 13 C, 1 H-1 H COSY, HSQC, ROESY and HMBC NMR data of 1-3 are available.
